Van der Voo, R., 1983. Paleomagnetic constraints on the assembly of the Old Red Continent. Tectonophysics, 91: 271-283.
INTRODUCTION
For the better part of this century a Devonian paleogeographic element has been known as the "Old Red Continent", so called because of the occurrence of a typical post-Caledonian continental molasse facies, the Old Red Sandstone. This facies occurs on the Baltic Shield, large parts of the Russian platform, in the Ardennes and Great Britain, as well as in Greenland and northeastern North America as far south as the Catskill delta in the Central Appalachians.
In addition, perhaps questionable occurrences, such as in Normandy (France) should be mentioned.
Reliable paleomagnetic data for most of these areas have become available, generally in the last decade, and they confirm that these elements formed a coherent landmass; in this paper I will denote this landmass as the Old Red Continent (ORC). Figure 1 shows a paleogeographic map for Middle to Late Devonian times on the basis of these paleomagnetic data. It appears that Gondwana was at this time still separated from the ORC by a wide ocean: not until late Early Carboniferous time did Gondwana collide with the ORC to produce the Hercyniall-~Alleghenian orogeny (Lefort and Van der Voo. 1981 : Van der Voo. 1982) . For this reason. the Bullard et al. (1965) . The difference between the American and European poles in the Bullard reconstruction is statistically significant and mandates the fit of the paleogeographic map shown here.
position of Gondwana or of any other presumably isolated landmass (Siberia, China, possible microplates) does not enter into the discussion of this paper.
The configuration of the ORC is different from that of the generally accepted continental reconstructions for Permian and Mesozoic time (e.g., Bullard et al., 1965) . The difference can readily be seen in Fig. 1 by comparing the positions of the west coast of Norway and the northeast coast of Greenland, which in the usual Permian fits are directly juxtaposed. As argued by Scotese et al. (1979) and Van der Voo and Scotese (1981) , the paleomagnetic data for the Devonian, Carboniferous
and Permian suggest that a sinistral megashear along faults within and parallel to the Caledonian chains occurred during the Carboniferous. I will return to this megashear in a later section. Of more central interest to this paper is the question how the tectonic elements of the ORC assembled in pre-Late Devonian times. Two of these elements are characterized by an internal coherence and lack of any Paleozoic fold belts other than those at their margins: the combined Baltic Shield-Russian platform ("Baltica") and the North American craton, including Greenland in its pre-drift position ("Laurentia").
The thud element has been proposed on the basis of paleomagnetic data and on a great similarity in Late Precambrian and early Paleozoic geologic histories, but has been internally deformed during the middle and late Paleozoic orogenies: this element has been called "Armorica" (Van der Voo, 1979 , 1982 Hagstrum et al., 1980) (Jones et al., 1979) and from the Avalon terranes (Robertson et al., 1968; Kent and Opdyke, 1978, inter alias) . More recent information from northern Spain (Perroud and Bonhommet, 1981) and Hercynian Germany (Bachtadse et al., 1981) (Johnson, 1973 (Johnson, , 1974 , they must have been relatively minor in latitudinal width as argued by Jones et al. (1979) .
In the following section, I will discuss how the locations of the early to middle Paleozoic erogenic belts between Baltica and Laurentia and in and around Armorica, can be used to constrain the models for the assembly of the ORC to a few logical alternatives. This then is followed by an analysis of the available paleomagnetic data, which-although not totally definitive-seems to enable us to state a preference for one of the models.
MODELS FOR THE ASSEMBLY OF THE OLD RED CONTINENT
It follows from the preceding discussion that the Early Devonian, Silurian and Ordovician are the periods in which most of the assembly action must have taken place. Until recently there were few or no paleomagnetic data for these periods, and even now the paleopoles for Baltica and Hercynian Europe (as part of Armorica) are too few to develop geotectonic models for the assembly of the ORC. The premise of the models is. of course, that Laurentia, Baltica and Armorica were indeed dispersed.
i.e. not together, earlier in the Paleozoic. Evidence for this can be found in Cambrian and Cambro-Ordovician paleomagnetism and fauna1 provincialities (e.g., Scotese et al., 1979) and few scientists question this premise.
Because of the paucity of Ordovician and Silurian paleopoles, it seems more fruitful to set up geotectonic models for the assembly on the basis of geological information, and then to test these models with the available paleopoles. If the ORC was assembled by the closing of oceans in a plate-tectonic framework, the resulting continent-continent collisions should be marked by erogenic belts. Nevertheless, it is worth keeping in mind that the reverse is not necessarily true, since orogenies may be produced by subduction without collisions or by collisions between continents and island arcs or microplates.
In the ORC, the orogenies during the time of interest comprise the Taconic, Caledonian and Acadian events, each in the strictest (and local) sense of the words.
The location and timing of these orogenies. when interpreted in terms of possible continent-continent collisions, is less complex than at first might be suspected. The North Sea and Great Britain, from where a less well-known branch trends east to southeast through the subsurface of the low countries, northern Germany, and into Poland (Ziegler, 1978; Zwart and Dornsiepen. 1978 Schwan, 1962; Bradshaw et al., 1967; Heinisch and Schmidt, 1976; Chaloupsky, 1978 It is found principally in the North American Appalachians and in the southern zones of the Hercynian belts in France. In Great Britain, Early Devonian phases can be demonstrated, but apparently they have not been major. The Taconic orogeny, finally, parallels or coincides with the Acadian in the Appalachians and has perhaps equivalents in Wales with its Ordovician volcanism and plutonism, western France (Lefort, 1977) and western Spain and Portugal (e.g., Priem et al., 1966) . Other occurrences in Sardinia (Sardic phase of StiIle, 1924; see also Vardabasso, 1963) , Germany and the Hercynian basement of the Alps (e.g., Schonenberg, 1967; Fiirster and Leonhardt, 1972; Fhigel, 1975; Heinisch and Schmidt, 1976) testify to the tectonic unrest during the Ordovician in Armorica. Considering now the coalescence of Laurentia, Battica and Armorica, with the goal of ending up in the ORC configuration of Fig. 1 , it is best to proceed in pairs.
The clearest picture is provided by the Laurentia-Baltica pair, where at their joint boundary only the Caledonian orogeny is found. This provides the first step in the models: by the Late Silurian-Earliest Devonian, Baltica and Laurentia had coliided. The choice is then: did Armorica join the Baltica-Laurentia pair after the Caledonian orogeny, by necessity producing the Acadian orogeny as proposed by Kent (1980) , or had Armorica already joined Laurentia during the Ordovician, producing the Taconic deformations?
The two models are schematically illustrated in Fig, 2 . Van der Voo (1979 Voo ( , 1982 ) favored the second model on the basis of the fact that both of Baltica's margins inside the ORC are only marked by Caledonian erogenic belts.
which suggests that it collided with the combined Laurent&Armorica landmass. In the model of Kent ( Fig. 2A-C) . the l'aconic orogeny is left unexplained, i.e.. perhaps ascribed to a (minor?) collision with an island arc or to subduction without collision. In the model of Van der Voo (Fig. 2D-F) , the Acadian orogeny is left unexplained, and perhaps better referred to as an Andean-type orogeny (without continent-continent collision) occurring at the southern margin (see Fig. 1 ) of the ORC when subduction of the ocean between the ORC and Gondwana accelerated during the Devonian.
A choice between these models is quite difficult on the basis of geological information alone, in the absence of any quantifying data. Detailed and reliable paleomagnetic information could settle the question. but the data at present are sparse enough to leave some ambiguity. This paper is intended, therefore, to propose the models as working hypotheses to be tested with future work, which hopefully will be stimulated by the following analysis of the presently available paleopoles.
PALEOMAGNETIC ANALYSIS Ordovician and Silurian paleopoles for North America and Europe have been compared in order to test the models of their assembly and relative positions at these times. The data for Europe outside Baltica come mostly from Great Britain with a few paleopoles available from Hercynian Europe, as shown in Fig. 3 . Implicit in my Bullard et al. (1965) . North American cratonic poles have been averaged and the mean paleopoles are used to predict a paleolatitude and a declination for all European sampling sites, taking into account the ages of the rocks at these sites. The differences (A$) between observed and predicted paleolatitudes have been used to calculate the averages and standard deviations of Fig. 4 Silurian, the paleomagnetic analysis constrains the convergence to one with purely east-west motions.
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Declinatiok:
Fig I would be the first to admit that this argument is circumstantial and rather weak, as other scenarios could be found which explain the data equally well. I want to stress, moreover, that this discussion can not be definitive at this time; instead, it is intended to provide constraints on the basis of the available data, as well as to stimulate future research.
It is only fair, therefore, to also list briefly the aspects of this analysis that could be proven wrong. Foremost, there is the possibility that the Ordovician paleomagnetic field was more complex, as implied by Morris et al. ( 1979) ; evidence for this could be found in some of the poles which hitherto have been regarded as anomalous (e.g., Thomas and Briden, 1976) . Secondly, it is possible that in the Ordovician and perhaps Silurian, Great Britain and the rest of Armorica were nof part of the same plate. After all, the Armorica proposal (Van der Voo, 1979; Hagstrum et al., 1980 ) is based on late Precambrian-Cambrian paleomagnetism and geological information and on the Devonian paleopoles used in Fig. 1 . This leaves an uncertain gap for the Ordovician and Silurian. Finally, the role of Baltica and its relative positions in pre-Devonian time are relatively uncertain because of a paucity of reliable paleopoles. It is clear from the above that for these periods further paleomagnetic work would be extremely valuable.
In the previous sections I have developed two models for the assembly of the ORC, and discussed the constraints on these models provided by the paleomagnetic data. My personal preference is for a model in which Armorica and Laurentia collide in the Late Ordovician, producing the Taconic orogeny. They are then jointed by Baltica in the Late Silurian, producing the Caledonian erogenic belts.
Nevertheless, other scenarios, such as Kent's (1980) remain a possibility.
A firm conclusion of this paper is that the available paleomagnetic data from Great Britain show that it was in a constant paleolatitude position with respect to Laurentia, from Late Ordovician to Early Carboniferous time. During the middle Carboniferous, however, a shift occurs during which the European areas of Baltica and Armorica move northward over about 1800 km with respect to Laurentia. It seems logical to relate this megashear, discussed in more detail by Van der Voo and Scotese (198 l) , to the impact of Gondwana on the ORC. Lefort and Van der Voo (1981) have argued that this Gondwana-ORC collision was prolonged and not unlike the India-Asia collision models of Molnar and Tapponnier (1977) . Paleomagnetic information suggests that by Visean time the collision was imminent, if not already initiated, and that by latest Carboniferous (Stephanian) time the final assembly of the continents involved was accomplished. It can be seen in Fig. 4 that this is precisely the time in which Europe moved northward with respect to Laurentia, ending up in the Bullard et al. (1965) configuration. As Gondwana approached the ORC during the Devonian (see for instance Fig. l) , the intervening ocean must have disappeared through subduction. An accelerated period of mid-Devonian subduction could perhaps explain the Acadian orogeny in the Acadia displaced terrane (Kent and Opdyke, 1978) shown in Fig. 1 to the south of Laurentia, as well as in the southern Hercynian zones of France (e.g., Peucat et al., 1978) which may have been facing this ocean.
